A new iridoid glycoside, 10-isovaleryl kanokoside C (1), and a new sesquiterpene (2) together with two known compounds (3, 4) were isolated from the rhizomes and roots of Valeriana fauriei. Their structures were elucidated on the basis of spectroscopic analysis. Compounds 2 and 4 showed enhancing activity of nerve growth factor (NGF)-induced neurite outgrowth in PC 12D cells.
Pharmacology on nerve growth factor (NGF) has been subjected to extensive studies, indicating that these substances are theoretically and clinically important in the central nervous system. In the course of our survey on pharmacologically active substances in medicinal plants, much attention has been given to the occurrence of compounds having NGF-potentiating activity, [1] [2] [3] since these compounds are expected to be potentially useful for the medical treatment of dementia. 4) During our search for new types of natural products possessing a NGF-potentiating activity from plants, we investigated the chemical constituents of the crude drug Japanese valerian, 'kisso-kon', from the rhizomes and roots of Valeriana fauriei BRIQUET (Valerianaceae), which mainly contain kessane sesquiterpenoids and iridoid glycosides and have been used for sedative and antispasmodic purposes in the previous literature. [5] [6] [7] The methanol extract was repeatedly subjected to silica gel column chromatography, followed by reversed-phase HPLC on a ODS column to yield a new iridoid glycoside, 10-isovaleryl kanokoside C (1), a new sesquiterpene (2) , one known iridoid (3) 8) and one known sesquiterpene (4). 7) In this paper, we report the isolation, and structural elucidation of the new compounds and their biological activities as enhancers of NGF action. 4 and 69.5, could be assigned respectively to C-5, C-6, C-7, C-8, C-9, C-10 and C-11. The spectroscopic data were almost identical to those published for kanokoside C 9) except for one additional isovaleryl group appeared in 1. Furthermore, the HMBC correlations between H-10 [4.33, 4.27 (each 1H, d, Jϭ11.4 Hz)] and the carbonyl carbon (d 174.5) of isovaleryl, H-1 [d 6.53 (1H, s)] and the carbonyl carbon (d 172.8) of isovaleryl, revealed two isovaleryl groups at C-10 and C-1, respectively. The HMBC correlations of H-1Ј/C-11, H-1Љ/C-6Ј confirmed the two glucose units at C-1 and C-6Ј, respectively. Based on the HMQC, HMBC, and 1 H-1 H COSY spectra of 1, the proton and carbon signals were assigned unambiguously.
The nuclear Overhauser and exchange spectroscopy (NOESY) spectrum of 1 revealed nuclear Overhauser effect (NOE) correlations among the protons, leading to the relative stereochemistry determination of compound 1. Strong NOE interactions were observed between H-10 and H-7, H-7 and H-6, H-5 and H-9, and H-1 and H-10. A weak interaction between H-6 and H-10 was also showed. These NOE interactions confirm that H-1, H-6, H-7 and CH 2 O-10 are on the same face of the molecule and H-5, H-9 are on the other face of the molecule. As most of the naturally occurring iridoid glycosides have been reported to have an a orientation for H-1, in the structure of 1, H-1, H-6, H-7, and CH 2 O-10 have been designated as a, and the hydroxyl at C-8, H-9 and H-5 as b. C-NMR data (Table 2 ) and the correlations in the HMQC spectrum of 2, it contained 4 quaternary carbons (C-1, C-8, C-12, 6-OCOCH 3 ), 6 methines (C-2, C-3, C-4, C-5, C-6, C-9), 3 methylenes (C-7, C-10, C-11), and 4 methyls (C-13, C-14, C-15, 6-OCOCH 3 ) composing a bicyclic sesquiterpene. According to the data of 1 H, 13 C and HMQC spectra, the carbon signals at d 194.1, 143.7, and 152.9 were assigned to C-1, C-2, C-3 of the a, b unsaturated carbonyl moiety in 2, respectively. In addition, the one dimensional (1D) and 2D NMR spectra suggested the existence of cyclopropane moiety were also observed in HMBC spectrum. The relative stereochemical structure was revealed by NOESY spectrum. The NOESY correlations of H-2/H-3 and the coupling constant (J 2,3 ϭ0 Hz) showed that D 2,3 was Z conformation. Another double bond at C-8 and C-9 were determined to be Z conformation by the strong NOESY correlations of H 3 -15/H-9. The NOE correlations of H-5/H-4 suggested the same a orientation of H-4 and H-5. The proton signal of H-6 showed NOESY correlations with H-7b which indicated the a confirmation of 6-OCOCH 3 . In addition, we also observed the following correlations of H-7b/H-10b, H-11b/H-10b, H-11a/H-10a in the NOESY spectrum of 2. Based on the above spectral analysis, this compound was identified to be 2. From the MeOH extract of the rhizomes and roots of V. fauriei, one known iridoid (3) and one known sesquiterpene (4) were also isolated and identified by comparison of their spectroscopic data with those in the literature. 7, 8) The propensity of 1-4 to enhance the effects on the NGF to stimulate neurite outgrowth from PC12D cells was assessed as previously reported. 13) In control experiments, the percentages of neurite-bearing cells were 14% and 100% following incubation with 2 and 50 ng/ml NGF after 48 h, respectively. Compounds 2 and 4 (10, 30, 100 mmol) had no effect on neurite outgrowth from PC12D cells in the absence of NGF, but markedly at 100 mmol increased the NGF (2 ng/ml)-induced proportion of neurite-bearing cells by 52% and 48%, respectively. However, compounds 1 and 3 showed no activity on proportion of neurite-bearing cells in the absence or presence of NGF (2 ng/ml). The comparison of the activities with that of nardosinone, a enhancer of NGF action, 13) suggested the moderate NGF-potentiating activities of 2 and 4, which may be potentially useful for the medical treatment of dementia.
Experimental
General Experimental Procedures Melting points were measured on a Yanaco micro-melting point apparatus without correction. Optical rotations were measured with a JASCO DIP-370 polarimeter. The ultraviolet spectra were recorded on a Shimadzu UV-260 spectrophotometer, and the infrared spectra were obtained on a Shimadzu IR-408 spectrometer. 1D and 2D NMR spectra were recorded in CD 3 Cl 3 or CD 3 OD on a JEOL ECP-500 and ECP-600 instruments. Preparative HPLC separations were performed on a Shimadzu LC-6A, equipped with UV-7000 detector at 205 nm, and a J'Sphere ODS-M80 (250ϫ20 mm) column. EI-MS and HR-EI-MS were recorded on JMS DX-303 and JMS AX-700, respectively. FAB-MS and HR-FAB-MS were recorded on JMS-700 spectrometer. Chemicals for the biological studies were purchased from Wako Pure Chemical (Tokyo, Japan).
Plant Material The rhizomes and roots of V. fauriei were bought from Japanese drugstore, in Aug. 2004. The botanical identification was made and a voucher specimen (No. 68535) was deposited in the Graduate School of Pharmaceutical Sciences, Tohoku University (Sendai, Japan).
Extraction and Isolation
The rhizomes and roots of V. fauriei (3 kg) were extracted with MeOH (9 l) three times, and the MeOH extract (590 g) was partitioned by EtOAc, n-BuOH, and H 2 O. The EtOAc-soluble fraction (211 g) was subjected to silica gel (500 g; 70-230 mesh) column chromatography, using gradient of EtOAc in n-Hexane to give 10 fractions (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) Bioassay Procedure PC12D cells were dissociated by incubation with 1 mmol of ethylene glycol-bis(2-aminoethyl ether)-N,N,NЈ,NЈ-tetraacetic acid (EGTA) in phosphate-buffered saline (PBS) for 30 min and then were seeded in 24-well culture plates (2ϫ10 4 cells/well) coated with poly-L-lysine. After 24 h, the medium was changed to test medium containing various concentrations of NGF (50 ng/ml for positive control, 2 ng/ml for test samples and significant difference control), 1% fetal calf serum, 2% horse serum, and various concentrations of test compounds (10, 30, 100 mmol). After 48 h, the cells were fixed with 1% glutaraldehyde at 37°C. The neurite outgrowth was assessed under a phase-contrast microscope. Neurite processes with a length equal to or greater than the diameter of the neuron cell body were scored as a neurite-bearing cell. The ratio of the neurite-bearing cells to total cells (with at least 100 cells examined/viewing area; 3 viewing areas/well; 6 wells/sample) was determined and expressed as a percentage. Statistical comparisons were made using Student t-test. The proportion of neurite-bearing cells is expressed as a percentage against the maximum response to NGF (50 ng/ml, 100%) in the absence of compounds. Values are meanϮS.E. from four experiments. A statistically significant difference ( * pϽ0.01) from the control (2 ng/ml NGF) in the absence of compounds was apparent.
